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XB-70 AERODYNAMIC, GEOMETRIC, MASS, AND SYMMETRIC 

STRUCTURAL MODE DATA 

John H. Wykes and Alva S. Mori 
North American Rockwell Corporation 


INTRODUCTION 


Design effort on the identical location of accelerometer and force (ILAF) struc- 
tural mode control system (ref. 1) was based on early, and the only available, esti- 
mates of the XB-70 mass, structural, and aerodynamic characteristics. Comparison 
of vehicle response characteristics obtained by shaker vane excitation in flight showed 
discrepancies with the analytical results based on these early estimates. To deter- 
mine the reason for the discrepancies, response characteristics that reflected ground 
vibration test natural frequencies were analyzed. (It had been observed that these 
natural frequencies were close to the flight-test structural frequencies.) The analytical 
results which incorporated the ground vibration test natural frequencies were more in 
agreement with the flight-test responses than those based on early analyses. 

These results led to a decision by the NASA Flight Research Center to determine 
how well the response characteristics of a flexible airplane could be analytically pre- 
dicted, using the XB-70-1 as the study aircraft. The problem was approached by having 
North American Rockwell review the weight accounting on the airplane, in order to de- 
fine the total weight and its distribution for the three flight conditions actually flown. 
These data, together with structural mode data from ground vibration tests, were 
used to obtain the new structural mode characteristics which are presented here. The 
aerodynamic characteristics of the airplane were reviewed and updated to reflect all 
known new information, including wind-tunnel test data obtained by the NASA Ames Re- 
search Center. The aerodynamic data are also presented here. The structural mode 
and aerodynamic data were then combined in frequency response analyses of the air- 
plane for the three specific flight conditions. 


ANALYTICAL AIRPLANE MODEL 


This section details the physical characteristics of the XB-70-1 airplane which are 
relevant to the analytical studies reported herein. A complete description of the air- 
plane may be found in reference 1. 


Flight Conditions 

Three specific flight conditions were selected for the analyses. They are listed 



in table 1. For ease of reference the nominal Mach numbers, altitudes, and weights 
shown in the table are used in identifying data in the report. The actual conditions 
shown, however, were used in the analyses. 


TABLE 1 

FLIGHT TEST CONDITIONS 


Flight 

ID 

Flight Record 
Time Point 

Weight 

lbs 

Wing Tip 
Position 
deg 

Mach 

Number 

Altitude 

ft 

1-75 

1 hr 

11 min 

48. 75 sec 

431,435 
(Heavy) * 

25 

.865 

(.90) 

25,000 

(25,000) 

1-81 
Pt 2 

2 hr 

41 min 

1. 5 sec 

324,994 

(Light) 

25 

.855 

(.90) 

25,043. 

(25,000) 

1-81 
Pt 1 

2 hr 

4 min 

1. 5 sec 

379,614 

(Medium) 

65 

1.585 

(1.6) 

39, 109 
(40,000) 


*The nominal callouts for identification purposes are indicated in parentheses. 


Weight 

The last detailed empty weight accounting before the present effort was done for the 
XB-70-1 airplane on flight 1-50. Using this information as a base, the weight change 
records for the airplane were reviewed. Change items of 50 pounds or greater were 
noted for the time from flight 1-50 through the flights indicated in table 1. Fuel, water, 
and other useful load information was provided by the NASA Flight Research Center. 
Total inertia, weight, and center of gravity (CG) were determined, along with the dis- 
tribution of weight at the specific control points required by the structural mode cal- 
culations. These new mass characteristics were used in obtaining the data presented. 
Detailed total vehicle weight and mass characteristics are given in appendixes A and 
B. 


Structural Mode Characteristics 

New structural mode data were obtained which reflected the actual weight at the 
time of the three specific flight conditions selected for study. This was done by using 
the original symmetric, orthogonalized, measured ground vibration test (GVT) modal 
data as the base for the required new modal vibration analysis. These GVT data were 
for the no-fuel case. The GVT natural frequencies and generalized masses defined the 
basic vehicle structural stiffness. To determine modal characteristics including the 
three different fuel loadings, new equations of motion were written. These equations 
included a mass matrix which had off-diagonal, or mass coupling, terms reflecting the 
fuel loading. Eigenvalue solution of the new equations of motion resulted in definitions 
of new free-free mode shapes, natural frequencies, and generalized masses. The 
new shapes were defined in the 97 GVT control point system. Data were calculated for 
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nine wing -fuselage modes, four canard modes, and three vertical stabilizer modes. 
These data were, in turn, interpolated and renormalized for a 118 control point system. 
Only the wing-fuselage modes were converted to this system. All response calculations 
were based on data derived from the 118 control point set of modal data. 

Appendix A contains detailed descriptions of both the 97 and 118 control point grid 
system. Corresponding structural frequencies, generalized masses, and tabulated 
data descriptions of the mode shapes also are presented. 


Aerodynamics 

The rigid vehicle aerodynamic force, moment, and distributed load data as a 
function of angle of attack were reviewed in light of all available data. No changes 
were made in these data beyond those used to generate the data used in the analyses of 
reference 1. Although there were no changes in the angle-of-attack distributed loads, 
data from reference 1 and those presented will show differences when compared at the 
aerodynamic derivative level because of differences in center-of-gravity location and 
mode shape characteristics. Besides these differences, in reference 1 data for a 
wing tip deflection, 6^, of 0° were assumed to be equivalent to 6y = 25° data. 

Actual 6,p = 25° data were used in the present analyses. 

The main change in the rigid vehicle aerodynamic force, moment, and distributed 
load data was associated with the elevons. The data used in the reference 1 analyses 
assumed that the elevon gaps had no effects on the aerodynamics. More complete 
elevon test data revealed that the elevon gaps had a significant effect on control effec- 
tiveness. The analyses of the present study reflect these new data. 

The Mach 0.90 quasisteady aerodynamics of the wing due to the structural mode 
shapes were determined by using a lifting surface theory (vortex lattice based on 
ref. 2). The corresponding data of reference 1 were determined by using a modified * 
strip theory. Similar wing data at Mach 1.6 were also determined by using lifting ; 
surface theory (Etkin Mach Box, refs. 3 and 4). The Etkin approach does not take into 
account the wing tip deflection geometry when determining mutual interference effects 
between Mach boxes. In effect, the structural deformations are referenced to a flat 
plane. After the aerodynamic loading due to mode shape was determined with the wing 
having the flap plane reference, the loading on the deflectable tip was isolated. Be- 
cause the tip was deflected 65°, the component of the tip load due to structural defor- 
mation in the vertical plane was determined through the cosine relationship with the 
vertical axis. In this manner, the tip contributions to the total normal force and 
moment due to the mode shape are correctly computed. 

To determine the effect of unsteady aerodynamics on response characteristics of 
the wing at Mach 0.90, data were generated for the light weight flight condition. A 
digital program based on the theoiy of reference 5 was used. 

The elevon aerodynamics at Mach 0.90 were unsteady for all cases. Modified sub- 
sonic strip theoiy was used as explained in reference 6. The zero frequency (quasi - 
steady) elevon force, moment, and generalized modal force coefficients were ratioed to 
the force, moments, and generalized modal force coefficients obtained by using the 
previously mentioned rigid air vehicle data and load distributions. The elevon data at 
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Mach 1.6 were quasisteady. The structural generalized force coefficients for these 
data were computed by using the pressure distributions based on static wind-tunnel 
data. - 

All aerodynamic data used in the present analyses are included in appendix B. 



APPENDIX A 


SYMMETRIC STRUCTURAL MODE CHARACTERISTICS 


The control point geometry for the 97 point GVT modal data is shown in figure Al. 
The similar control point geometry for the 118 point modal data is given in figure A2. 
Point 93 in the 97 point GVT grid set modes is the normalizing point, whereas point 118 
is the normalizing point for the 118 point grid set modes. 

The 118 point grid was obtained by interpolating from the 97 point GVT grid and 
renormalizing to point 118 from point 93. Linear interpolation between points was 
used. However, the interpolation scheme separates the wing surface proper from the 
elevon surfaces. Because of this, no lines are faired across the elevon hinge line. 

This interpolation to the 118 point grid system was done because most existing XB-70 
aerodynamic digital programs use this larger grid system. It was judged more efficient 
to use existing programs than to reprogram to the 97 point grid system. These ex- 
isting digital programs use only deflection data, with mode slope data being determined 
from internal curve fit routines. Since the linear interpolation scheme can distort 
slopes in some instances, slope data required for other than aerodynamic purposes 
were obtained by manual techniques. The 118 point data presented herein contain only 
those modes which are primarily wing -body modes in the 97 point grid system. These 
modes are identified in tables Al, A2, and A3 for the heavy weight, light weight, and 
medium weight mode sets, respectively. Modal frequencies and generalized masses 
are also contained in these tables. 

The actual mode shape data tabulated against the control point number for the 
heavy weight case are presented in table A4 (97 point) and table A5 (118 point); for the 
light weight case, in table A6 (97 point) and table A7 (118 point); for the medium weight 
case, in table A8 (97 point) and table A9 (118 point). 
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Figure Al.- XB-70 ground vibration test 97 control point geometry 

Symmetric modes* 
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Figure A2.~ XB-70 interpolated modes 118 control point geometry. 

Symmetric modes. 



TABLE A 1 v . 

XB-70-1 SYMMETRIC FREE-FREE -VACUUM VIBRATION MODE' CHARACTERISTICS 

FOR FLIGHT 1-75 (TABLE 1) ' '■'* 

Heavy Weight, S T =25°, M = 0.90, Weight = 431,435 Lb, CG at FS 1582.3 In. 


Mode Number 

Mode* 

Description 

Frequency, 

Hz 

Generalized Mass** 

118 Point 
Modal Data 

97 Point 
Modal Data 

97 GVT Points 

118 Interpolated 
Points 

1 

1 

WF 1 

2.3270 

0.23753 X 10 5 

0. 16511 X 10 5 

2 

2 

WF 2 

3. 6003 

.21299 X 10 4 

. 14812 X 10 4 

3 

3 

WF 3 

5. 1360 

.16442 X 10 8 

. 97346 X 10 6 

- 

4 

V 1 

6. 0086 

. 18720 X 10 5 

. 66178 X 10 4 

4 

5 

WF 4 

6.6645 

.24366 X 10 4 

. 12347 X 10 4 

5 

6 

WF 5 

7. 9809 

. 13393 X 10 4 

.44614 X 10 3 

- 

7 

C 1 

9.4910 

. 51713 X 10 5 

. 15212 X 10 5 

6 

8 

WF 6 

10.2304 

.47419 X 10 6 

.97697 X 10 7 

7 

9 

WF 7 

14.8350 

. 93125 X 10 4 

. 11846 X 10 5 

8 

10 

WF 8 

19. 6666 

.48103 X 10 4 

.27169 X 10 3 

- 

11 

V 2 

22. 1393 

.29713 X 10 5 

. 13388 X 10 6 

9 

12 

WF 9 

24. 6532 

.22484 X 10 5 

.65011 X 10 4 

- 

13 

V 3 

26.3977 

.22928 X 10 5 

. 63749 X 10 4 

- 

14 

C 2 

26. 7159 

.50467 X 10 6 

.63780 X 10 5 

- 

15 

C 3 

40.3124 

.22245 X 10? 

. 11856 X 10 6 

- 

16 

C 4 

52.0627 

.51202 X 10' 

.21339 X 10 7 


*WF refers to wing -fuselage; V refers to vertical stabilizer; C refers to canard. 

**For 1/2 air vehicle in units of pounds. Normalizing point CP 93 for the 97 GVT 
points and CP 118 for the 118 analytical points. 
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TABLE A2 


XB-70-1 SYMMETRIC FREE-FREE VACUUM VIBRATION MODE CHARACTERISTICS 

FOR FLIGHT 1-81, POINT TWO (TABLE 1) 

Light Weight, 5 T = 25°, M = 0.90, Weight = 324,944 Lb, CG at FS 1603.5 In. 


Mode Number 

Mode* 

Description 

Frequency, 

Hz 

Generalized Mass** 

118 Point 
Modal Data 

97 Point 
Modal Data 

97 GVT Points 

118 Interpolated 
Points 

1 

1 

WF 1 

2.4868 

0. 16965 X 10 5 

0. 11765 X 10 5 

2 

2 

WF 2 

3. 7357 

. 18558 X 10 4 

. 12666 X 10 4 

3 

3 

WF 3 

5. 7760 

. 15939 X 10 6 

.40559 X 10 5 

- 

4 

V 1 

6. 1068 

. 16060 X 10 6 

. 38252 X 10 5 

4 

5 

WF 4 

7.3332 

. 17787 X 10 4 

. 78402 X 10 3 

5 

6 

WF 5 

8. 5870 

. 16643 X 10 4 

.50398 X 10 3 

- 

7 

C 1 

9.6967 

. 76625 X 10 5 

. 17272 X 10 5 

6 

8 

WF 6 

10. 8087 

. 50280 X 10 6 

. 94709 X 10<5 

7 

9 

WF 7 

15.3600 

. 78236 X 10 4 

. 79180 X 10 4 

8 

10 

WF 8 

20.3424 

.64789 X 10 4 

.28804 X 10 3 

- 

11 

V 2 

22.6182 

. 60048 X 10 5 

. 76165 X 10 3 

9 

12 

WF 9 

24.9361 

.32082 X 10 5 

. 94607 X 10 4 

- 

13 

C 2 

26. 6771 

. 16884 X 10 6 

. 78941 X 10 5 

- 

14 

V 3 

27. 0232 

. 15943 X 10 5 

.37281 X 10 4 

- 

15 

C 3 

40.3783 

.28315 X 10 7 

. 15893 X 10 6 

- 

16 

C 4 

52. 0642 

.48251 X 10 7 

. 18644 X 10 7 


*WF refers to wing-fuselage; V refers to vertical stabilizer; C refers to canard. 

**For 1/2 air vehicle in units of pounds. Normalizing point CP 93 for the 97 GVT 
points and CP 118 for the 118 analytical points. 




















TABLE A3 

XB-70-1 SYMMETRIC FREE-FREE VACUUM VIBRATION MODE CHARACTERISTICS 

FOR FLIGHT 1-81, POINT ONE (TABLE 1) 

Medium Weight, 6-p = 25°, M = 1.60, Weight = 379,614 Lb, CG at FS 1596.4 In. 


Mode Number 

Mode* 

Description 

Frequency, 

Hz 

Generalized Mass** 

118 Point 
Modal Data 

97 Point 
Modal Data 

97 GVT Points 

118 Interpolated. 
.Points . 

1 

1 

WF 1 

2.3704 

0. 52198 X 10 5 

0.33722 X 10 5 

2 

2 

WF 2 

3. 7799 

. 19417 X 10 4 

. 10421 X 10 4 

3 

3 

WF 3 

5.2933 

. 14 032 X 10 6 

. 80597 X 10 5 

- 

4 

V 1 

5.8821 

. 74978 X 10 4 

.29854 X 10 4 

4 

5 

WF 4 

6.9633 

. 10965 X 10 4 

.48291 X 10 3 

5 

6 

WF 5 

7.5398 

.28773 X 10 5 

. 79802 X 10 4 

- 

7 

C 1 

8. 9335 

. 14390 X 10 5 

. 15453 X 10 5 

6 

8 

WF 6 

11. 0415 

. 11609 X 10 8 

. 27350 X 10 5 

7 

9 

WF 7 

16.2104 

. 19330 X 10 4 

.29428 X 10 3 

8 

10 

WF 8 

19. 1179 

.61142 X 10 5 

. 60936 X 10 3 

- 

11 

V 2 

23.0056 

.49244 X 10 6 

. 85036 X 10 5 

9 

12 

WF 9 

25.2822 

. 38635 X 10 7 

. 10515 X 10 6 

- 

13 

C 2 

26. 1689 

.34311 X 10 7 

.23251 X 10 6 

- 

14 

V 3 

26.6156 

. 50196 X 10 8 

. 14078 X 10 5 

- 

15 

C 3 

40.8039 

. 18566 X 10 9 

. 94337 X 10 7 

- 

16 

C 4 

52.8775 

. 14028 X 10 9 

.44721 X 10 7 


*WF refers to wing -fuselage; V refers to vertical stabilizer; C 

**For 1/2 air vehicle in units of pounds. Normalizing point CP 93 
points and CP 118 for the 118 analytical points. 


refers to canard, 
for the 97 GVT 
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TABLE A4. - XB-70 SYMMETRIC FREE-FREE VACUUM VIBRATION MODE SHAPES 

97 POINT GVT GRID SYSTB1 


1 I I 


— — — — — — — — — — —— COOOO-**-<OCOoOOOOOOOOOO 

I I I I I I I I I I I I II 

^ in o X — irir'OcoK'Off'irinH^nfv*-<CN^ o x h- x o -O x >t *t ro ^ c ^ 

occ«£xXsO'J , ox>$-ir.r-«f\ir , ‘-0'0‘C'0'C‘OCrocoM*r‘- — r-xin^soxoiryj-cv 
h^ONMCC. ^C>-'CvtOCDSOOina^Q r ^CCrir^^M0D--NX^ 1 O^»0^V 

.o — ao— xtor*-— r^-N-r— xoxcr © O' — tro'inm>carr , -psjin<\j 0 ' 0 >*omx cr ^ n 

lf'CClf''OhOO(7'OOC'fN' r -<-<N^O'0-<CO(\ilf''Cvfr\J^ > C'0(?'a'C7r f 'ir 1 f^ l T' 
^crox(7-MsC'Cf C| ' J ^oircc^ccv}‘r'^>DNfvjr r '- , ccMfOt\jir'(^cDO‘crN^(\' 
xr-ccscorvotnxmoccco— <\ir\j<\j>f<r'r^cc— r*-xu , 'cr'(rof\J< , 'Jxxcnr‘“'5- 

^ ^ ^ ^ CT ac — — — — — — <\j<\jr\if\jr\jr\jxr\j 

I I » I I I I I * I I I I I I I I I I I I I I I I I 


— < — oo — ooooooo ooooc* or^ — — o o o o o o o r i r oc-ohj, 

l l l l II 

— inNiAn(7-<r-sco*- — a:f\J(Nj^u , '4-r)NC'^0'irKr - iro'NOcc^fvjr. 

•— ‘O'i'Nj’O'OO'tap — >t‘'COr-r*-xor^ — x ^ xj sT — x cr cr 
«j-o f Mxr-oir.oiT'X — >cf\i — x — j - 'Xxr-omr'~cr>rxsCcrtn> > t-or w or^XNr 
ir. '^O'^’or — fvj^^ar — iriT'Orv.i— 

Ncf'U'H^cncT'fvCirtyNr O'OiTxO— c<v»r^ccoo‘i/'fs < fsjsOO'>j ^ cr a x 

o*rr'«-<i/Mf-nLf''0tt4''l’Nrao^fA(\occa ^ ac j crrtrTrvjsorsjoc^rvcc 

— in O — — r- — — — — — — — — — njfvrgrvjnj'c x f\j — — x f\j x tn lt ao p- 0 s — x 

I I I I I I I I I I I I l I I I l I l l I I I I l I I I I t I l i l I 


o 

LO 

CM 


II 

H 

•o 



— — — — O M — •— < 

I I I I III 

xccxcroxcrco 

O S N If OC CT X — 

mer— co — iTso — 
^N^crocn^H 
C0h'^OM'4»-f r ' 
f-ClflfCN' p-*< 
X IT «C lf\ — *0X0 

^ — m ^ x, o* 
III It 


a> 



cc s cc oj if ^ 
cr cc o o* cc x m c 
crcrrvj-^ — crxx 

— X'CCT^'O^M- 

h- (M X, *-i X f*. IT. f*» 

f*- IT — — x — X 

^ H ^ If O' C'l N H' 

I I I 


00 — — ooooo 

I I 

(Ni^r-O'CsT'O — — 

h- — >t 0» Oo ir 4 O M 

r-» >t o x r 't f 1 k — 

vfcroif^a'fTii/'^ 

<TOOCT'CCT'Or'*-v£ 

orvoa f o 4- 4 o 

ox. cr h n r<i it ro x 

— — O O' — — — — — 

1 I I I I I I I I 


— — O — — — f\i — — 


an o* a *£ nj — st o >* 
>e in <r — ® cr r- c xi 
ocro — cr — njxm 
acrmr->rr-cr^ir 
aXQ-aO^.fNM 
X»C'0>C©X — r^,— 
NlO'(V«ClfHNp* 

'CC X >C r- — <\r *C 

I 


OOOOO — — — — 


<f-r~ — CO^CO— XPvJ 

x^XcrOr^ — no 

LT' f\l r\ S If ? K r s 

lf'£r r ip-^HNN^ 

xirxsco-ccror- 
m c «c n K' snr r r 
KCCvClf^N>t^ 

x — <\j *$’ 

I I I 


P**4 — — ^4 nj »— * — fS_ 


hCC>?MO^^(VJ 

— xu cr rsj o 

® cr — lt vt o f\ o 

OOO— f^'CroOO 
incu'^r^^t^xcr 
>ON(\caf\jif^c 
'f)>^r\jr\iO— r*->fur 
X O' — (MX — IT X — 


•**•4 ^4 f— ^ p « J 9 ■ 4 *p-4 f\J ^*) 


r. ^ 

— Ovt— NlfirtT — — 

crxncrx>*irr-C — 

r n cc (m ^ a crxorv 
stonj^x. xxp-r-rvj 
xC'CrfiTp-r^c 

co— .xr-cr— oa — — 

im^-^^-xxxx — 


fMfvj<\jrvj(\j(Xf\rvifvrs. 


in in o o m >e — <. \r so 
s a - if (<■ o If m ^ fJ 
'COOx>frXO>J-xo 
ifHO^^offO'O 
m^n-i^'C^nc x <\» 
oxvCO'xurstsor^x 

^ m x a sfosj^-xscr 
— — n — <\. x x x ** 

i 


*4 f4 — •— * ^ H — — *"4 H — ^4 f4 h h *— < •— — O C O O O O C O COO 

I 1 I I I I I I I I I I I I I I I I I I I I I I I 

h-4'ir*cvjX'CxxxX'tox. *o«xirr-ac'0‘<yu>0 ‘K— kc. r^h-c cx>$rvo 

Oirr-'niarir — f^-crpvjr^ir Xxt'trccir-stxcrcrCirM-orvJ'trvjx, x»cr\j.^mr\r\. 
ircfCMHir, ^soif — <CfMX^^fnf«*-4x^O'Xxxirx — sOircx^tr 

r^r*tO''tif. — if. a m O f(\^o> i f*-rcrifXNfvjf r ivtxC' >ccm^ — cr 

— xx<\cvcviO'^^c-0'OC'^xM^c >cxx. M-<N.crco-<\.’ O'xi^cr ^ 
rvj 4 O'® if C if ^ ^ rf x — c: o o c crec-fsj — f< ‘C^x<\J>^’arxf\jl^l/^■4■Ol^ 

f^rvl^t>frlnx^'■^ r 'X>a■^-c x x M cr o* x x, — or crc'cr>tx. >c — Ofvr-'Co- ^ o 
co>cxx.>t'r*~inX'X.»$-.£>irxxstirxxx>*'^>tr‘-r-cr— •— — r\j — cv^vn nj x — 
i i i i i i i i i : i i i i i i i i i i i 


OC'C OC'CCOOCL-OOC C OOCC.O — — — C — — O — — O C — C 0 0 — 

III II II I 

Cfvrdh-crooOCTX. O-a'rv'J’Of'vjfNjr'-xr'* — rvN0cro<7crXNfc.'*— — >r— r^x 
— i\jfs;Oh“>r®cr— < i\i — '£xxo'f\)N->jf*->tox>txNf{\ja x or r* xoc x — 
Oxin — ecm — — xcr a x — in x n* r\i ac x — m <r c <v cr M’LTrMvj-crr^xr <v tn 

^MNiHMifOOC O' M- <NJ a. >* <NJ C *C — C\- if «C> o C M o c N OXXVT'CO'Xr- cv c 

s i\ 4 oc o vOXvT — — «rof\x>ocrir>tifrvwrvyC. — rv x <r 

>frrvjcro— x — r~ — — cncif'Xxrva c <s» x — O* ^ifa^ccc'HOirx^ifN 

«© cv — m x »c rv — in — UD x ^ it c ^ f h ^ h ^ o c ^ ^ ff. mnj ^ in 4 <r v< — ir 

cc n >c ^ tf . erx'£'£incrr*-' 0 »£)iraC'r-'C»nLnin<\i — — i»c — — o <— — r- — — — — 

i 



cvjx^tAsCf^xcrr) — fvXstiruDK cr cr o — x x »$• in 
_ — ^-fvjfvjcvjfv’r^ifsjrvfvfsjrvxxx xxx x 


li 



TABLE A4 Continued. 


^4 »-4 PyJ 

I I I I I I I I 

nia^^^cdoim 
‘ C O N N 

«f\a5ho^o^ 

OWJON-ffh 
<MlT'f\J0D"O>tOI7‘ 
CMOfM^NCffl 
(nO'N-JC'U'NI 
I III 


«— <»— • C: i c\. *—t 

I I I I I ! 1 

KCC'OHOf^NN 
O — 1 ' >C ** *" t*- vf 

^ ^ >o o , ~* 

iro r ’rri_r, v tKir 1 f^ v t 

IfCD^vC'CMlTO 
^(MOO'Xharg 
m co <v n- r*~ ^ 

I I l 


^ •— 4 ^ C ^ H f*\J ^ ^*4 

III I I I I I I 

x. <\j -< <\J - 4 - o* (\j ^ c 

h-cr#-r*-0'r<>cx)ir'^t^ 

^fNjo^ciTLTcc^a: 

C s f*-'£>Of < 'vCccror--r\j 

F-s^ir^creC'tcco' 

^if'cc- J cr'vOK4-fi4 

t I I 


»-*«•"* fVj — * 0-4 t-4 ^ f\J X 

I I I I I I I I I I 

aoniArinNOMO 
fro^x ooxr-or*- 
*4 

4frcr*f4^4^an 
fC (\)>OCD40N^'Oir' 

'^Cofvjr*'. iro«c^cr 
i i i 


M •— 4 ^ O O 

I I I I I I I 

aoir. o 

r> o- a; ^(\jfioco4 

® «£) QD (T N «0 h n N 

rvj^N-0'i^r^r\jirf^ 

^Cr(\](TNMN^fNJ 

II III 


«- * O ■“* •— « •— 4 w~* —4 O 
I I I I I I I 

^CJ'^OlTi'O'tCCCC 
NNiC'C’Cif'^CDir 
cr moo* co *-< o M 

cr «— < in *-< cr o h n ^ 

f^O'rricy IT h m (J r 

>o o u-'^ks 

sO f\j >4 4 (NJ IT O N 

»-4 

I I 


«-* tP *,^ f -»QOOOC'^ 
I I I I 

*0 o rg 
(\i Cj <o tn co 
<\j in *4- in <\j 

f\j in CD h* 

O O ^ H fVi 

cr o 

n in n c o 
co ^ n 4 ^ 

I i 


<— O O ^ 

I I I 

in co cr nj so 
x cr ® in 

0 N s C 
n- m c* cr cr 

(M in N lT f\J 
-< M m m m 
nj n* in o c^ 

rvj ^4 r-i cc 4 

1 I I I 


C' *M ^4 ^—4 ^4 1-4 •“* j— 4 f\J fH *«4 ^4 ^—4 » 4 r\J r- 1 ■— < i-4 ^-4 »~4 ^«4 fyj H o 

I I I 1 I I I I I I I I I I I I I I I I I I I I III 


c\i^rr. r- in «£ x <v n- 
<^iTisaC'ryir k -r*^sC'4’0' 

N ff cr- O c Xf^-^4- 

^x^rv/Lru^rvj^oo^X 

^N'l’OO'HO'Hrgn 

Q a o it x cr r- — < >r 
H\cM , ^nj'Oa:Mn 
I i i I 


O IT CC 4 ' ^ K ^ O' n N 
Hind^osinoiTNff 
(T'CcrH»o^o , i\)4‘Oir 
cc^cc , m^nj4i/'440' 
•OU^>OC4f\!h-04r^NnO 
^irxnj^a-r^p^m^cr 
tt4HO^C'crc i f'j®cc i 
4- >t c Nssm^iOir^ 
i 


nfNj4ir^4nnincoo 

o *n r- cr r<\ r- ir. rv r- — i 
m. r-i it m in »o cr in o 4 

rnnjN-iiCfv^coo^cr 

a njo:4xin4ccinr'0‘ 
-« a 4NHNmocr0 4 

cirro^H«-co--<o^4p4 

III III 





i^arcrnj^fsjHO'OM 
^ ^4 rr ^ 4* cr sC <\i 
sOincrcacrr^>of\j<\> 
x cr <\j rvj — 4 C. 0 s O x vO x 
NriCriC^CONN 
inamamr-^'O^N 
a h h o ^ r r c. c o 

^4fVf4H'04'in'C , '-<4 

1 1111 




4'0'^f\jmmr4Ncrcr:'in 

®0(\or ft ff'^in^'Ci-4 

H>0in4O'C'44»-Nin 

*-*«£•— k ir 4 n 1 ^ in CT nT 

^ O O nj CT 0x0* XX 
X'Or^»o~*r\JO'OX(rx> 
rMiTvCM40N^crcr 
.-4 cv x< n- <\ <t *-* <*, ac 
l 1 1 1 11 


l 

Cp-ffvC^OCCMiO^tt' 
404CT^lONNeDCCl 
cra-XfMu^^HO—i^'fsjr^ 
CT(<'0'4''0— rvj>0(y O' re 

4 ^in^Nccacr. 0040 
in>C(\.-*»Cf\iNC'4‘(\:<\J 

'C'On-r\jiT'fVi»— <f^^-<crx' 
icojitn^^ioj^^corocr 
11 1 1 1 1 


O *•« P"* ^4 *—4 ^4 ^4 O O O #-4 *■■* *-^ *"< 

I I I I I I I I I I I I I I 

so O N -- O' 4 c NC'-ro^njON «& O c\j 
o^c^inHN^^^rc'ir'OoinO'O' 
4‘0'4'f^0'X4 , ^-4 , ngfVjrvf-foirNO4:r*- 
NO O MOrCH^C 40 h m H N in N c 
HQfrHCMirc^NlCircfG^rN 
ao 43 K a Cvj a C-N^N^fTQ^ 43 h CD 4^ 

c-43iro ^cc^njNo^irr x r\j -4 it x 

^-* m cnj 4* 4 h h ir cr n *- ^ <v «-• m r»- 

II I I I I I I I I I I 


-• Ci c- C C O o O rv o (_• C C C O c- M r 

I I 

4d’CC^^rvC«N'Oc4in*40«ir 44) 
xryif\<r-*xh“rvj4Xir'0 v 4'4nyi4 , cr -c ^ 
h4Nt’4lT. lTCf4m(rttirUM<'»4'C' - 
Hr-ocr40'rH*jN^4;r*4NN(rn4 
irc'04'ir\co'f w f^'t0f r 4)rv.'p>-crxx 
t > c o in c in>j-^^«>r40'^'4( , 'No 
4 - 4 C f\J^'CCinp“fn^crr'CCctM4ino 

I I I I I I I I I I 


C *■“< fS* ^-4 f\J f\J r—4 C\) 0 M 0-4 * 0 * 

I I I I I I I I I I I I I 

lp. h h iri 4 ; C 4*-*4»-4*-4h“fV.'C 

n pc : n ?o r a N^m^'tHccr- 
o nj h c x«-H^4r-xtnco~4crx 
N>£N'J 0 ®C 

iT HOi^cD'OonirMct 440 
^>4 4 4 " 4 4 4 r , “ 4 x 4 cv 4 cr X' 

^^^4(n l inm4fvjin^4nif r o 

I I I I I I ! 


C O O C N O C O C> C O ^4 o o 

I I 

^^cr^^r^irNr 4^r-4 

CDOhN^iC^^CCSrCTHCC 
CCh-or^4in'0'XfOXP^44^4 
^O'lONMTvJ’CO^'JCCn 

sr cr c\ r^ , r\j cr c h o n cr >r r r 
4 o 14 cr oJNrvjcc^ncrr-^c 

HrMiT'J h'Otr 4 4 4 0 “ 4 f4^ 

4 4 r^. ^ X »“ 4 co 4 4 m rO Cv. 4 

III II I 



trO'O'-'Nfl'vtirsor x rr nnNr. ^n^KcciCT r'^Nr^ir'CNa.irn^N^ 
^X4444444444iririT44irir4irir>4444444444r-^h-r^ 


12 


50312195 0 7704270 1 -1 1310047? 2 -1P113120 0 04400018 -1 -22402254 

64849596 0 90349503 -1 10745022 2 -25988809 0 17845201 0 -36776089 

51528125 0 15690908 0 99047005 1 -24324387 0 52993614 -1 -27194249 

67431689 0 19255031 0 15587451 2 -31373217 0 16531314 0 -43022390 

10284747 0 58492140 -1 -21630631 2 -15356320 0 -39619529 0 75724690 



TABLE A4.- Continued. 


1 1 

o 

0 

0 

•X 

1 

i 

» 

O 

0 

0 

1 

H 

1 

cm 

C —4 
1 

o 

0 

0 

c 

^X 

1 

rX 

CM 

1 

0*4 

1 

O' in 

^4 

h* 

in 


4 

X 

x 

*c 

ct) O' 

CM 

X 

O' 

43 

p- 

m 

O' 

in 


O 


GO GO 

O' 

x 

O' 

-o Xi 

x 

X 

<M 

PM 

00 

O' 


fM 

CD 

X 

p^- 

CM 

O' 

CM 

m 

4 

CM 

m o 

n 

4) 

4> 

o 

4> 

h» 

cm 

>0 

x 

>C GO 

o 

4> 

O 

O 

4) 

O' 

O' 

CM 

4 

X 

CM 

«o © o 

CM 

in 


%o 

^-4 

G0 

x 

X 

cm o 


in 

4 P- 

m 

sO 

4 

O' 


in 


^X 

*x ao 

O m 

cm 

p*- 


CD 

•“4 

in 

O' 

(*i CT 1 

P* 

O' 

in 

4 

r~ 

X 

o 

X 

X 

a 

X 

00 

^■4 

•o 

CO 

cd 

4> 


in 

4 

4 

O' 

r- 

CM 

x4 

X 

CM 

*— 

O' 

O' 

X 

x o 

in 

O' CM 

«-* 

n 

O' 

o 

4 

cc 

CM 


^4 

•—< 

x 

CM 

>0 

»x 

CM 

o 

4 

O' 

X 

CM 

CM 


cm O' 

rsj 

cm 

cd 

in 

PM 

K 

••4 


«4 


43 

X 

^4 

9—4 


in 

in 

O' 

CVJ 

p** 

p- 

in 


i i i i i i i i i i i i i i 


o 

O 

PM 

1 

0-4 

1 

r> 

o 

o 

o 

pX 

1 

o 

C~. 

o 

o 

o 

o 

o 

o 

o 

o 

o 

1 

1 

^4 

1 

i 

X 

4 

4) 

X 

p- 

X 

4) 

h~ 

in 

p- 

n 

4 

in 


4 

43 

p- 

n 

CM 

o 

O' 

X 

PD 

0* 

43 

O' 


PM 

x 

4 

4 

o 

m 

o 

x 

4 

X 

PM 

*“X 

•—4 

X. 


O 

O' 

PM 

p*- 

CM 

IT 

in 

4 

4 

O' 

4 

—4 

O' 

in 

o 

o 

p~ 

X 


>0 

X 

x 

h* 

o 

0-4 

o 


PM 

P- 

X 

in o 

PM 

O 

n 

43 

O' 

O 

P- 

4> 

x 

p- 

4 

x 

O' 

p> 

4 

O 

PM 


O' 

CM 

O 

CM 

in 

-X 

X 

P- 

o 

nj 

*-4 

o 

O 

43 

P- 

4 

n 


O' 

X 

x 

n 

O 

X 

O' 

n 

in 

P- 

sC 

4 

O 

o 

O' 

X 

o 

in 

p- 

X 

43 

X 

X 

43 

O 

o 

n 

0*4 


n 

O' 

•“4 

o 

X 

O' 


O' 

f— < 

o 

X 

IT 

X 

p- 

m 

4 

•—• 

x 

r- 

r^4 

n 

n 

X 

o 

>4- 

O' 

>C 

••4 

X 

o 

X 

^4 

4 

43 

^4 

m 

x 

»™4 

in 

r4 

X 

4 

^x 

CM 

4 

w4 


X 

n 

O' 

PM 

PD 

CM 



ii iii ii i i 



o 

n 

o 

O 

O 

O 

O 

O 

C- 

O 

PD 

1 

r> 

O 

1 

o 

o 

i 

o 

c 

o 

X 

CM 

1 

CM 

1 

1 


o 

CO 

X 

n- 

sO 


O' 

X, 

*0 

>T 

—4 

CD 

CM 

IT. 

X 

p- 

X 

nC 

n 

X 

n 

o 

O 



O' 

cr 

n 

^4 

PM 

n 

X 

o 

o 


O' 

^•4 

X' 

O' 

CT 

X 

o 

CM 

p^ 

O' 

o 

p- 

O' 

O 


vj- 

r~ 

»4 

^4 

n- 

(M 

fO 


n 

r- 

—4 

n 

X 

PM 

X 

co 

n 

CM 

4 

O' 

o 

o 

4 

X. 


in 

0-4 

sp 

n 

X 

»— 4 

IT. 

n 

p- 

O' 

CM 

n 

0-4 

X 

o 

<r 

O' 

4 

O 

o 

o 

X 

P- 

^4 



P^ 

P- 

in 

X 

O' 

o 

O' 

PVJ 

O' 

CM 

o 

CM 

X 

in 

h- 

r- 

CM 

P- 

O' 

X 

M 

X 

X 



Nt 


CM 

<r 

o 

n 

PM 

re- 

e 


X 

cr, 

in 

X 

O 

n 

n- 

0—4 

o 

p- 

—4 

4T 

CM 



PM 

CM 

'J 

o 

X 

n 

o 

in 

0—4 

X 


O' 

C 


O' 

CM 

n0 

o 

o 

•— 

4) 

n 

D 


CM 

1 

PM 

1 

CM 

1 

CM 

t 

CM 

1 

CM 

1 

PM 

1 

PM 

t 

X 

1 

0—4 

O' 

1 

PM 

1 

r— 4 
1 

CM 

1 

0—4 

X 

1 

n 

n 

n 


X 

o 

X 

1 

4 

1 


CM 

- 

*•4 

- 

CM 

CM 

CM 

- 

O 

- 


PM 

CM 

o 

•X 

PM 

- 

X 

^4 

o 

D- 

CM 

CM 

PM 


X 

X 


»!■ 

»0 

x4 


>c 

m 

fD 

PD 

PM 

PM 


X 

X 

X 

O 


X 

o 

4 

n 

X 



sC 

CM 

<C 

O' 

PD 

PM 

n 

O 

CM 

PM 

X 

n- 

PD 

X 

X 

X 

sO 

n 

O' 

O' 

C 

p\j 

C 


in 



t* 


>0 

C* 

PD 

X 


K 

00-4 


O' 

X 

nC 

4* 

in 

X 

O' 

o 

P- 

4 : 

a 


fO 

N 

^5 


X 



O' 


X 

N 

PM 


m-4 

o 

n0 

IT 

sT 

O 

O' 

X 

in 

X 

X 


•D 

PM 

X 


0* 

CM 

X 

n 

pn 


n 

PM 


CM 

4 

4 

CM 

n 

x> 

o 

X 

in 

X 

O' 


CM 


O' 

X 

o 

X 

o 

p^ 


p- 


>0 

O' 

e 

n 

O' 

X 

n 

CM 

r 

4 

4 

4) 

O' 


<«D 

0-4 



PM 

PM 

>c 



X 

a 

O 

CM 


(M 

4- 

X 

0-* 

n- 

o 

X 

Cm 

CM 

PM 


^4 

1 

in 

I 

PD 

>c 

X4 

PM 

1 

1 

O 

P0 

I 

PM 

c 

PM 

1 

0-4 

1 

vC 

o 

X 

1 

n> 

i 

CM 

sC 

i 

O' 

O' 

1 

CM 

PM 

CM 


o 

Ci 

o 

c* 

o 

o 

c- 

c 

o 

O 

o 

o 

o 

c 

C 

C 

o 

o 

o 

o 

X 

1 

O 

O 

n 


o 


X 

f-- 

O' 

a 

pp» 

o 

IT 

o 

>3- 

c 

O' 

o 

4* 

n 

4 

X 

4: 

c 

o 

o 

n 

X 


PM 

o 

CM 

PX 


o 

o 

0—4 

O 


X 

CD 

>3* 


O 

X 

4 

o 

PM 

O' 

in 

X 

IT 

X 


X 

't 


r- 


^4 

CM 

0—4 

P^ 

o 

o 

n 

n 

>3- 

K 

O' 

X 

X 

X 

c 

h- 

0—4 

4 

O' 

CM 

X 

o 

0-4 

x 

r- 

0—4 

IT 

in 

O' 

CM 

>t 

X 

CM 


4" 

X 

•— 1 

4) 

n 

o 

p^ 

p«- 

•X 



X 




n 

w*4 

*■ 

X 

IT 

PD 

CM 

x. 

o 

PD 

C 

a 

X 

O' 

0 — 

O' 

4 

p- 

P- 

4 


h- 

o 

004 

>0 

CM 

CD 

in 

o 

CM 

PD 

>0 

o 

n 

CD, 

X 

<£ 


CM 

CM 

O' 

X 

4 

X 

P\ 


o 

K 

fO 

n 

O 

CM 

p- 

>3* 


P^ 

fD 

>3 

CM 

c 

o 

—4 

X 

X 

X 

O' 

p- 

n 

n 

4 


~4 

-4 

PSi 

PM 

CD 

X 

X 

CM 

rD 

PD 


CM 

X 

n 

sC 

n 

n 

X 

X 

O' 

X 

^4 

^■4 

f-4 


iiii 





1 

a 

O 

C 

c- 

CM 

1 

C 

c 

o 


C 

O 

o 

c 

C 

c» 

C 

C 

O 

c 

a 

c 

O 

C 

n 

X 

4 

X 

4 

C 

X 

p- 

4 : 

P- 

c 

X 

c: 

X 

IT 

in 

Cm 1 

P- 

c 

o 

X 

X 

CM 

4 

o 

p- 

X 

sO 

CM 

CVJ C 

c 

CM 

C 

CJ 

o 

o 

o 

X 

CM 

^4 

O' 

X 

o 

p- 

n 

0—* 

n* 

o 

4 

4 

CO 

O 

P- 

Xi 

4 

o 

X 

o 

p- 

n 

c 


n 

n 

4 : 

< 

o 

4 


O 

0—4 

X- x 

X 

PM 

CM 

CM 

O 

p- 

O 

n 

P^ 

X 

X 

O' 

ir 

4 

X 

n 

4 

p^ 

o 

43 

4 

*-• 

o 

X 

PM 

PM 

X 

n 

X 

c- 

X 


0-4 

43 

O' 

r-i 

o 

O 

X 

in 

CM 

n 

o 

«—■ 

004 

IT 


4 

O' 

P- 

X 

X 

»-H 

in 

IT 

X 

X- 

c 

o 


a 

c 

4 

CM 

43 

O' 

o 

4 

O' 

O 

4 

K 

X 

X 

n 

^ 4 

n 

— « 

O 


o 

IT. 

X 

n 

4 

O' 

X 

43 

X 

^4 

o 

43 


CM* 

4 

O' 

CM 

4 

n 

r« 

4T 

X* 

X 

m 

43 

P- 

^4 

X 

<0 

p> 

4 

43 

X 

X 

o 

(M 

4 

4 

4 


i 


8 +j 

S-S 

as 


^ir<£)KorfTO»-Mr^ir. cr <r 

^.fwf^^^^ororcDacarflroocroDcr 


o*— M ff' IT 

ocrc'OO'O'rro 


13 



OC — — OOO — — — O — OOO — OOOOO — — O — — C — — — — — AiAIAIO 
II till I 

in <r — ff Ai «» — ■ 4 -.*P r 'Oi/' 0 ''i"'C — f-— 0'in — f'J<t'l"N»"m«»'0«inAj 

NI"O” < I , '<'j 0I*'O0'* ® ^ — A.OH'C'lAJI>»AJ,0^®0''?OOI'Cf-OlflC 

c»a— cc»XAiin — min^ro" — xoAi0"'£Ai>coc'0oo,ts} , 0'o>0'0 
®in^>®or-in<voi,»-r- — O'OoiViOO® — o cO'OCfaoo-fircoa 
ai — — o — pv — >tac(t — or — aox — sf-tf-Ai — sro— f-— — xaiai 
I I l l I I l II ll I l l I l 


oooooo — occ-f'ivot; o 

I l 

If o in ff ^ IM i IT ^ Dlf ^ O 
ri'^ir<iO'Cir'“'t'OOi\n\i 

»->cc'':r-ccA'.toA.£ooer' — 

— — ® t" >T — O ^rMTMMNff O' 

— j'0'fr'\£fjll'ffl*'l*»i O O >0 
o. o X^fir-i-tifi r I'CO''f 
o^if^rtifuifrN-if^s 

II II If 


— ooc — o — — — — — — — — — — 

I 

if‘tN5'<Vn£0 , «i O — If O' + If O 
p» AJ Af — — O AJ O — If S Offlf J! 

XOCO^'ffJ't’lV-Of- >0 O' X — r- 
p-rvr-tn — — >00. o-oi — oaiaj — — 
-‘\*'if'Ccrf/if>fccKf'^sf-iroif 
C-ff/MClfOOtfNXIff'K^O 
^ N s ee — o n n (M rf — in 01 — o — 

I I 


coo — — r>oo — — 00 — — — on — — o— ooocoooooo 

ll ii ill ill 


*8 


— tror-CC'f'O'o.c 
Cp«®j- — CO<* 

0 a. .# p- N i it. fj ? O 

car-® — — oc-e o^a 
-itOfC-*Mlf 
n \ r < KMMvr 
^^OJ'CNlf-CvI 

o. <v — ®^oa— « tn 

1 i i i i i i i I i 


Mf n«i-N-^ Clfff 
ici«if^^!iv«f)-ror" — 

irr-f-irivivo if rif s 

O Al A ifSlff lfNM- 

if fO \4 - 1 /N O C C, O' 

aj <C or Al « <7 — — «tn — 

o> Al p» pn — — f if — ® 

I I I I II 


rvjOr-'^ffixr-O^'C 
jfOO'«tO®<trf-xr- 
if^cifreoMf. m 
— ■# c, O' ai ® .#■ ® — 

irMfjfic^neteM 

Nfififor^yirf 

aspjjcifCificN 

I I 



C a c A ® o — ^ P \ 
Cap r ^i»(v,£'6Cie 
ocaonco, tr-co 
or-LfC-f-if”"ix if « 
cc -c — w x a o c a 
a ifrifNiv'e-cc 
f r nc a- — a c e- — 
rv—'X-firXXCr——. 

I i l l l l l i i l 


co in — o — iA'tr-0- 

C P- C o O.AI if X If f, 
■jXlf. ^Ci’C'fOf- 
xifrtrirofrfvf 

ff-r, 

>» o r- c <v r- c. -fo r- 
xcf^xoxc^-vcr- 

— — — — — Aj AJ AJ Al PV 
I I I I I I I I I I 


0'ifir. <vOsOfv>T— or- 
MNSf-fufflcrminifO 

— i 0 C < MMOlf 
ififlceffifif-oO'iv 

K f C If, S \ S O >£ Of 

— Oiprtnir''C®oi<\i>o® 

o — AO ^ if r ^ - o 

r-s»0 — 4 N (* m m ^ - 

ii ii ll ii 


c c r. o c — —— — — — — — — — — — — a ACC - oo — oocc. © 

i i 

— -r a a- c -jo <r a — — -x x — c if - o'ft.rmo-o-aeo-f-oa' — a c 

AoOACXXC. C — C <0 A, CT — Mf (■OXN - X-0®0"'CmacocC 

CCO-tx-xac. <cc. a f fi c i o a 0 — a O'Cx-coxaAjO'Ox 

P^XO'CAOCP^COXXXAO — a-fCCA-Ai — O-AAP^ODOIX-X^JU', o 

If ,C A. A fMvfXXC «^C"ir«VXAf'-AO— O-CAf-XAACAlX — — 
ircooxo-cx •CCA'OAC.ACjarir — iT-OA — Xjjoxo -tr>P— 

— AAiAir-iircrC' — p if c — jfMfr. QifCC' 1 ' — foir— if® 

AlO flflfl\f\^f rr lflfff'CfC 0 '——A—C>OI — XAI — — AJ — 

I I I I I I I I I I I 


o 

ii -U 


u a, 


A'Oxiff^'AXO'C- — Aoxir>rr-aO'o— Ajo-tir^r-®trc' — fMOvtiro 
— — — — — — — — — — A|AA‘ AA'A'AjA'A'AjOOOOoOO 


14 


-21051734 0 2*360996 0 41517547 0 -10907587 l -76195882 1 21696865 

-415569R8 0 -27820156 0 16049085 0 -61147473 0 -47168335 1 10850460 

-33431301 0 -53431977 -1 49261369 0 -13454415 1 -10212211 2 12295322 

-46841839 0 3Q425794 0 54394963 0 -17276095 l -12889080 2 10654970 

14776025 1 55629951 1 -16213049-1 39258627 0 -22954538 0 -12969R31 



TABLE A4.- Continued. 


p4 M pH 

_H 

•4 pH 

rH 

cv 

l 

1 

0 

2 

0 

0 

1 

CM 

X 

-* O 

o o 

o 

X 

■—* 

x 

o 

o 

o 

O 

o 

o 

ft 

X 

o 

pH 

1 1 1 

1 

* * 

1 1 

1 

1 1 

1 

1 

1 

1 

1 





1 

i 

I 

1 







1 


1 

0 -h m 

o m 

—• CM 

in 

® h* 

x 0 

CM 00 

— O' 

>o n* 

p- 

0 

oc 

in 

O' 

0 

0 x 

oc 

OD 

CM 

0 

00 

© 

X 

0 

x 

cm O' in 

0 © in o 0 

x 

cm x © 

CM P- 

O' O O t- 

in 

O' 

X 

0 

in 

o 

in 

0 

X X 

0 

in 

GO 

N 

0 

0 

CM 

o 

p- 

o m cm 

x 

~C N" 

CM X 

x pm 0 -h 

O' m 

o in 

0 

P« 

x 

CM 

4- 

o 

0 

0 

O' 

x 

-4 fO 

O' 

O' 

CC 

O' 

p- 

O' 

O 

o 

o 

OC JTN 

■c t- 

X o 

cm pm x © o 0 

x o 

00 

p» 

0 

X 


>0 

cc 

OD 

0 

CM 

0 CC 

OD 

0 

>0 

o 

p- 

in 

0 

P- 

>0 

•-N CD IV 

M 4 N 

00 cc 

t-t 

m o -h 

O' o 

pX ^ 

00 

0 

0 

m 

o 

0 

0 

00 

0 

x 

o in 

0 

0 

pH 

0 

0 

o 

in 

0 

O' 

P- ~h O 0 

— < in 

CM P- 

O' 

© x cm 

o p- 

CM P- 

0 

CM 

CM 

x 

•c 

in 

o 

x 

00 

X 

P- 0 

P- 

CM 

0 

P- 

p- 

x 

in 

CM 

o 

cm m © 

CM 

*4 ^ 

0 — 

cc 

iO N 

h* X o o 

in 

in 

in 

0 

* 0 

0 

pH 

o 

CM 

x 

cm x 

o 

CM 

in 

CM 

O' 

0 

00 

x 

CD 

0 m cm ir 
l 

f- — 
1 

co — • 

00 

XXX 

X INI 

— * x 
1 

O' 

1 

x 

1 

p* 

l 

X 

1 

X 

1 

i 

X 

1 

O' 

I 

in 

x 

1 

x cm 
l 

x 

1 

•■X 

•X 


X 


O' 

>0 

0 

o o— ■ 

pH 

coc-—* 

ft 

© o c 

o o 

— o 

X 

ph 


«h 

o o 

o 


o 

o 

o o 

o 

O 

O 

O 

X 

pH 

c 

X 

O 


II II till I | 


co O' o in 
o 0 © x 
© © 
tt K ^ (V 
CO 0 ft 0 
P* pH sO O' 

^ PV) o 

^ H pH ^ 

I I 


0 

p- 

pH 

0 

C *M O 

0 

ft 

— * O' 

h- 


in 

r- 

ro 

O' 

*x 

CC 

0- 

CM 

sO 


00 

** 

m -* 

CM 

pX 

>n 

in 

0 


o p- 

x 

0 

«M -c <■ 

cv 


O 

O' 

O' 


O' 

in 

CM 

O' 

CM 

>c 

in 

ft 

o 

't 

o 

CO 

>o 

't 

<0 

m 

^3 

'O 

CM 

0 

CM X 

n ir> 

in 

m 

0 

CM 

>o 

O' 

00 

CM 

>o 

X 


00 

CM 

>Q 

CO 

^x 

O 

CM 

CM 

CM 

^- 

CM 

O' 


cn 

pi' 


CM 

0 

O' 

P- 

0 

CV 

x 


O' 

f- 

^x 

c 




CO 

•X 

O 


•X 


oo 

or 

o 

O 

O 

r- 

co in 

X* 

ft 

O' 


>* 

0 

cc 

CM 

o 

C> 

00 

CM 

cc 

cn 

cn 

f- 

o 

*x 

O' 

o 

in 

'J' 



't 


CVJ 

O 

•X 

CO 

CM 

cn 

>0 

*c 

CM 

•0 

in 

X 

pH 

P- 

p- 

X 

m 

O' 

o 

e 

-n 

c* 

O' 

fO 

CM 

M 

CM 

X 

>* 

K 

in 

CM 

o 

h- 

oc 

CM 


*■ 

co 

CM 

cn 


PSJ 

CM 

m p- 

P* 

o 

O O' 

m o 

^4 

X 

IT 

X 


co ao 

cn 

00 


CM 

o 


>t 

CM 

in 

X 

o 

X 

CM 

r» 


cn 

^X 

X 

•X 

-X « 

* 

CM 

X 

X 



CM 

CM 


f** 

CM 

O' 


CM 

in 

CM 


fO 

fC' 

CM 

CM 

CM 

pX 



4* 

CM 

CM 

X 

O' 


CJ 

^x 

1 

n 

^x 

1 

7 

1 

X 

1 

CM 

1 

1 

CZ 

c 

•X 

1 

^X 

1 

1 

•X 

1 

1 

X 

1 

e 

o 

*x 

1 

CM 

1 

X 

1 

1 

r> 

o 

o 

^X 

1 

pX 

1 

•X 

1 

O 

O 

o 

X 

n 

- 

c 

CO 

IT 


r- 


V0 

* 

cc 

X 

O 

C 

0 

CM 


c 

CP' 

in 

O 


n- 

o 

0 

0 

0 

o 

0 

CM 

0 

IM 

0 

0 

0 

0 

N« 

0 

f^ 

0 

<0 



O' 

* 

0 

PO 

f* 

K 



ft 

X 

in 

O' 

CM 

ro 

o 

•X 

0 

pn 

& 

O 

X 

CM 

X 

O 

o 

px 

r- 

m 

X 

0 

x 

CM 

0 

0 




PM 


't 

C 

O' 

K 

o 

0 

HP* 

0 

0 

»x 

0 

O 

pp' 

in 

N- 

0 

h- 

0 


o 

ft 

X 

X 

^x 

ft 

n- 

X 

o 

CM 

0 

IM 

X, 

o 


IT. 

X 

X 

f- 

O' 

l»> 

O 

X 

0 

^X CM 

X 

X 

O 0 

in 

o 

o 

in 


X 

O 

o 

o 

m o 

X 

0 

0 

CM 

X 

h- 

CM 

o 

o 

O' 

OC 

•V (M O' 

CM 

X 


X 

h- 

(\J !? 

O 

O 

o 

CC 

X 

ft 

CM 

CM 

O' 

in 

cn 

CM 

0 

X 


pH 

0 

o 


0 

CM 

PM 

0 

0 

PM 

in 

IT 

o ■ 

O' 

X 

C* 



O' 


■# 

0 

0 

o 

0 

>* 

o 

o 

X 

X 

o 

0* 

h- 

O 

CM 

CM 

0 

CM 

0 

X 

0 

0 

0 

0 

0 

0 

CM 

c 

•VON 

m 

PX 

moo 

0 

o 

0 

r- 

cn 

CM 

CM 

X 

o 

O 

o 

^4 


m 

o 

0 

CM 

o o- 

pH 


CM 

O 

PM 

CM 


r* 

0 

X 

1 

r- 

l 

X 

(MVP 
1 1 

H A! 
1 1 

fp 

1 

K 

fM 


m 

n 

«x 

cn 

n- 

l 

^x 

1 

** 

1 

X 

pn 

CM 

1 

1 

^x 

0 

CM 

1 

0 

1 

f- 

PX 

pH 

cn 

P- 

cn 

pH 

pH 

1 

»x 


•X 

X 


CM 

CV 

, 

^x 

^x 



f* 

pX 

»x 

o — 

pX 

pH 

o 

O 

pH 

^x 

*H 

pH 

O 

0 

0 

o 

X 

^x 

o 

o 

X 

O 


ft 

1 

I 

1 

1 

1 

» 

1 

1 

1 

1 

I 

1 

» 

t 

1 


• 

1 

1 



l 

1 

1 

l 





1 

1 








CM 

O 

X 

r- 

0 0 

© X 

0 

O 


0 

0 

0 

0 

P- 

0 

P- 

O 

0 

c 

X 

0 

x 

X 

P** 

r- o 

O 

pH 


0 

0 

X 

O 

0 

O 

0 

PM 

X 

O tfi ** 

X 

P- 

o 

0 

0 

CM 

P» 

cn 

pH P» 

O 

P- 

0 

^H 

00 

0 

P- 

© 

pH 

© 

4 - 

0 

© 

© 

o 

cn 

cn 

© 

X 

0 

© 

CM 

X 

© 

* 

X O 


in 

0 

0 

o 

r* 

0 

X 

o 

X 

o 

X 

X 

0 

o 

0 

pn 

0 

cn 

0 

't N* 

pH 

© 

o 

o 

0 

0 

CM 

P- 

0 

X 

0 

o 

0 0 X 

^ o 

0- 

P- 

0 

0 

O' 


pH 

p* 

0 


PC' 

© 

<!■ 

© 

0 

X 

pH 

0 

N* O 

P- 

0 

pH 

p* 

0 

P- 

© 

X 

0 

o 

0 

0 

C PM 0 

X 

0 

0 

pH 

C^* 

pH 

P- 

O' 

pn 

0 

X 

pH 

cn 

•X 

o 

pr 

O 

© 

0 

0 

© 

© 

0 

K 

p- 

X 

0 

CM 

o 

p- 

0 

0 

© 

X- 

<£ 

0 X 

X 

0 

0 

CM 

X 

K 

© CM 

pr> 

X 

cn 

0 

m 

pH 

m 

© 

P- 

cn 

0 

CM 

X 

cn 

© 

o 

CV 

0 

© 

X 

0 


cn 

pH 

e 

0 

x n- ir, 

CM 

ft 

0 

n* 

0 

n- 

0 

© 

X 

© 

X 

pX 

O' 

0 

pH 

0 

PM 

ft 

P- 

0 

© 

pH 

0 

pH 

X 

0 

© 

0 

CM 

p- 

o 

n» 

• 

K 

1 

X 

< ■£ 

0 

1 

cc 

1 

CM 

1 

CM 

1 

p- 

1 

pH 

0 

1 

0 

1 

O 

1 

1 

0 

l 

0 

1 

0 

CM 

1 

pH 

0 

0 

1 

CM 

1 

X 

0 

0 

0 

0 

C*- 

1 

0 

1 

CM 

0 

^H 

0 

aX 

ft 

© 


O C 

0 

0 

1 

o c 

C 

- 

X 

© 

o 

- 

- 

c 

pX 

1 

•X 

© 

hH 

X 

o 

© 

o 

PH 

— O 

© 

© 

o 

pH 

pX 

pH 

pH 

pH 

- 

0 

< 

c 

4 

O -H 

X 

CM 

CM 

0 

C^ 

0 

© 

0 

0 

CM 


X 

K 

0 

X 

P- 

0 

X 

0 

CM 

© 

CM 

X 

p» 

p- 

© 

0 

0 

X 

rn 

0 

0 

— o o 

— • 0 

0 

O 

0 

P- 

0 

O 

rr 

0 

0 

CM 

0 

X 

P* 

P» 

0 

P- 

0 

X 

p- 

m 

0 

P- 

0 

cn 

X 

© 

0 

0 

ft 

C 

P- 

fd 

0 


0 o o 

X 

0 


O 

CM 

o 

0 

(T 

© 

f* 

0 

0 

ft 

o 

© 

0 

o 

X 

0 

X 

0 

X 

0 

© 

pH 

0 

PM 

0 

0 

0 

0 

X 

pi «#• 

o- 

n- 0 

n* 

0 

o 

o o c 

0“ 

0 

O 

K 

X 

X 

P* 

0 

cn 

X 

cn 

o 

p- 

© 

0 

CM 

pH 

pH 

cn 

© 

0 

pH 

© 

cn 

O 

o 

pH 

0 

x O P* 

pH 

C** 

CM 

0 

r- 

CM 

0 

O 

P* 

O 

0 

0 

0 

P» 

P- 

P- 

cn 

pc* 

© 

© 

X 

pH 

r» 

P- 

p 4 

© 

0 

X 

pH 

p- 

0 

0 

0 

X 

f 

•C O' 

(V <v 

X 

f** 

0 

cn 

Pw 

0 

ft 

X 

0 

p- 

X 

CM 

0 

0 

© 

© 

pH 

c 

0 

pH 

CM 

0 

pH 

0 

0 

0 

m 

0 

0 

0 

pp* 

o 

o 

IV c 

© 

X 

0 

0 

CM 

o 

X 

0 

f4 

0 

P* 

PM 

(M 

PM 

CM O 

o 

0 

0 

0 

© 

pH 

PM 

0 

CM 

PM 

© 

© 

X 

P- 

© 

0 

X 

0 

0 

— -£ 

P* 

X 

0 

n- 

m 

0 

cn 

p- 

P* 

pX 

X 

0 

pH 

PM 

-H 

pH 

X 

0 

0 

-H 

cn 

X 

© 

CM 

P- 


pH 

cn 

CM 

0 



O 

© 

C 

7 

O c 

© 

© 

O 

c 

— 


c 

c- 

i 

c 

o 

pH 

1 

© 

o 

O 

o 

O 

1 

o 

c 

PH 

o 

o 

1 

O 

C 

© 

-H 

o 

pH 

© 

0 


0 

c 

pH 

CM 

O 

rn 

0 

0 


ri' 

X 

cv 

pH 

m 

0 

0. 

X 

X 

pH 

0 

O 

x. 

0 

X. 

o 

o 

CM 

0 

•H 

X 

0 

0 

X 

X 


r 

c 

CM 

0 

0 

cv 

0 

in 

O 

cn 

P- 

CM 

0 


e n- 

X 

© 

pH 

0 

0 

0 

0 

0 

o 

X 

0 

X 

o 

© 

© 

pH 

PM 

pH 

0 

X 

X 

© 

pc 

r— 

c~ 

X 


PH 

cv 

P- 

0 

cn 

C 

CM 

© 

0 

CM 

CM 

0 

© 

P- 

© 

0 

X 

© 

p- 

0 

CM 

X 

pH 

O 

0 

0 

P- 

<r 

CM 

cv 

CM 

0. 

0 

C 

0 

© 

n“. 

o 

<M 

ft 

pH 

CM 

pH 


in 

0 

P- 

O 

CV 

© 

P» 

CVJ 

X 

pH 

P- 

X 

CV 

P- 

X 

X 

0 

CM 

© 

PM 

o 

0 

pH 

O 

0 

or 

0 

p* 

© 

pH 

0 

X 

rr 

cn 

C 

C) 

X 

0 

0 

0 

0 

in 

P- 

X. 

P- 

m 

0 

r* 

0 

X 

P- 

pH 

0 

pH 

0 

pH 

CM 

o 

C 

CM 

PH 

X 

cn o 

0 

in 

cn 

cn 

0 

O 

X 

o 

o 

X 

X 

X 

0 

X 

p- 

O 

pH 

X 

© 

0 

m 

X 

0 

© P- 

p- 

0 

CM 

o 

p-» 

nJ- 

X 

O 

0 

c 

cn 

in 

0 

x 

ft 


cn 

X 

X 


PH 

X. 

© 

0 0 

0 

ft 

pH 

0. 

pH 

o 

X 

X 

0 

p- 

CM 0 

0 

pH 

0 

0 

CM 

p 

© 

0 

X 

cn 

fw 

0 


0 

p- 

ph fr 

CM 

PH 

pX 

CM 

P- 

rv 

CM 

CV 

CM 

cr 

X* 

PM 

ft 

CM 

CM 

0 

CM 

0 


X 

CM 

CM 

CM 

0 

P- 

pH 


pH 

0 


I I I 


I I I 


I I I I 


I I I I I 


I I I 


I I 


o 

+J 

§ 

u 


•M 

•5 

& 




15 



OOOO^OOhOO^NmOO o o^oo^-co-- 
111 II 

M^'f^Of r iro«tr\jcooccKfMO k '^Na:^cDCCff‘f\j’r^(r 

^r^'t^-^'^cocDOorOs^vj’CEO^^OO'^O'acO'- 4 ^ 

<NjmrsjO' 0 ^(\J^>CC v rv 4 CDf\js 0 o— 

in cc — * o — « O' <-4 in a* — * 

CTmo4‘CCf\jo4’^r , *®-^'t^(Nj^fNjcc^O' o' r\j m in 
-C(\;NC‘<NJ^«4 , >tfvi*oircoa'NO''Oirf^Vcr. Nfvj- 4 
<•— (rNj^p^f^-^Nj-oc^cxDin— <>^^ 3 *--<C 7 , Orvj*-*— 
III till t I I I i I i 


oooo^oooco^ooo-^co^oooo^ — 

I I 

^ nO co i^i mj> s cr ^(^^fo^so^coiosccncco^ 

M«CfO<CNvOOir 'C.'f 't«ci/>^mo^* 0 'Oa , M>trNj>t 

ef''iA^jjn< 0 ' 0 'iAN»fN^^>too‘Hfnp'^ir«<>c 

m^C'irKcccoMOC>} , >tfvi^(>>t'-<«-'f\jO(TMmNC't 

O o o >t 'Co^>jro-<r. iriNO''ONco(\jN^NM^cr 

(\j iTi K- f^ p'' (\ OJ fO O a in vtfOrvjstH^ioo^Hfv;^ 
III I I I I I I I II I II 


O O O —• O 


co a ryjorracr-acmf-rri/v 

O^CMOin'tlTNNsCM 

o\HN'C'f>nrr'Ho^o 

s O' cc -i >o (^1 O' ^ ro a Xvc 

CC^^( , n^iHCOO''C^COCO 
I I I I I I 


^ O' o 
® O vj- 

0 o o 
H o fO 
N- O' IA 
•— ( O' fT| 

ho ^ 
or 0 

1 


OOOO^OOO-HO— • O —< ' ^-t *— ~ I oc (\ 

I I 

C 0 (\j*-i 0 'r*‘'cc 0 'm^ccrM 0 s O'C' 0 inr w P^r*-om^ 
<50>00'rnh-^0Cxtr<'^>tir l Or\jfn>^fncn000'>0>t 
^ ^ f< m o ia f\jir^cO'’oo'HiTMNjno‘ooo 
o m ^ ^ n s v 0 r<'v 0 f\jH> 0 'js o^mr^ cm *o O' r\j cc ' 
irof-'f^O^cM-c^- * O' >o in ia >oV ^ p- i o o cc 

^CT' cc ^' 0 >«J‘^ ,w --*iAr f 'ir>sA' 0 r f 'CCrvjsC^ 0 'cr m 

OOiT^O^rO'f(MOICf ri C^ A. (\ m r. O' ^ o 
‘m*— (\,lt ® >0 >f c\j ^ rA cn f\j < nj *— * CO 't 
ii ill ii ill i 


M O ^ P*4 »— < pW *— < «H ^ M Q 0 p4 O ^ *—* 


-Or r i'CO^fAlAf\lO X lA'vO N O KOC O O' «C (V fA O' 
irr-occin^cn. p^a*-r^^vrr-f^vj-oc O' o h* >** 
0 'C^Lrr^fANC'- , ^f r »oooc i h*‘OiAfvoo‘'C*— 

ffM«(AO^NO^Off®^r<- l XOX'tO ^ ( 7 > vf H -J ^4 
Xirf^*— "vO^cn^rsjsOxj-LT'— 40 m«— •C'-^rnO'A' ^ ffi C 
Of^r^Of^aC*— rr O' m f- m x 

^r'^c— 4 r^^cc^f\'sOf^o-sro , r^r s ~xj-LTf<'. C'sCsOo^ 

III III II I 


C. *— < C o O O O C O — * c OCOO*-*— 

I I I 


^^O'O'X^r^rrr*', sCrA LTLrr-^r-x(Ni(Txr^ 

r\jC<\ | 'OmcoiAroX' 0 «-H^f^fvjm( 0 'iA(Nj>t»— V 

^frxiAO>yoiAir-NC^vf n. — 4 c. a. inj a r^r^o*^ 

h cc c NCO',^r-*rcrr\jaO'cro“>fr^cir'r-irO''0*^'tr-- 
c stn J r~-'irvCcrr*~>f\ir-r^f^h-a' aj <r <f c era — * O' 
vi'O^C(\JccffnOf<''Or<>t^H^<f^o or c\j m cv 
vtccou^f^cr-ocr x la c >c cvnccir>»— *-^ 0 '*-‘oc^P r 
<<\^inh-«-*.— ■^r^nJr^P'-— *ir — « m p>- •£> m *-• o O' — < »-* (v 
III III II I 


O 

U 4 -» 


+-> 

C • 


s 


o o 


U (X 


Ntir*oh-cDOo^<^r fv 'fir 1 ^r>-ff'ff'nF-i(\j'f ^ it sC k 

Kfwr>-p-p^r“ecorecor(rcrcreroroo(Tcrff'CJ'C‘(TcrO' 


16 



TABLE A4.- Continued. 



a 

A 

o 

p« 4 

x 

A 

A 

A 

A 

A 

A 

A 

A 

A 

X 

X 

X 

A 

A 

X 

c 

O 

o 

O 

o 

o 

O 

r> 

O 

o 

o 

O 

o 

- 


O 


A 

a 

A 

4 

a 

X 

o 

X 

A 

•-4 

4 

X 

X 

A 

X 

X 

X 

X 

X 

X 

o 

X 

P-4 


X 


>* 

P"H 

X 

X 

A 

**■ 

o 

X 

X 

X 


CM 

o 

x 

x 

A 

X 

X 

X 

X 

X 

pr 

4 

X 

^4 

<T 

X 

^*4 

O 

X 

A 

o 

o 

X 

X 

o 

X 

st 


X 

o 


X 

X 

X 

X 

X 


p-h 

o 

cc 

pH 

X 

a 

X 

X 

X 

A 

X 


a 

X 

X 

AJ 

st 

X 

X 

X 

o 

X 

X 

0- 

A 

r? 

A 

X 

X 

X 

A 

X 

** 

X 

X 

4 

43 

O 

—4 

o 

X 

sC 

IA 

X 

o 

O' 

X 

*m 

X 

o 

** 

A 


X 

o 

X 

A 



o 

X 

X 

X 

X 

A 

o 

A 

>fr 


O' 

CT 

O 

4 

pH 

A 

o 

x 

»-p 

a 

X 

x 

o 

O' 



A 

a 

0*4 


X 

f^ 

A 


w4 

o 

X 



X 

X 

-* 

X 

X 

X 

A 

X 

o 

X 

O 

X 


CO 

cc 

x 

CC 

4 

O' 

X 

X 

X 

x 

O 

X 

A 

h- 

X 

K 

X 

X 

o 

o 


>t 

X 


pH 

p^ 

o 

X 

X 

X 

X 

0*4 

X 

X 1 

X 



O' 

a 

x 

IT- 

.-4 

A 

X 

A 

x 

pm 

4 

X 

pH 

O' 

X 

X 

X 

X 

O' 

X 

o 

O' 

X 

0*4 

o 

A 

A 

>i- 

X 

A 

_< 

X 

X 

A 

X 

A 


A 

1 

x 

1 

4 

43 

9*4 

X 

1 

pc 

1 

A 

A 

1 

1 

m 

4 

X 

1 

X 

i 

1 

A 

_< 

x. 

1 

X 

I 

p4 

1 

Y 

A 

0^ 

» 

1 

>a- 

i 

p-4 

1 

A 

X 

1 

X 

X 

1 


o 

X 


p* 

4 


A 

a 

a 

r\j 

A 

A 

A 

’A 

A 

A 

A 

A 

- 

A 

A 

A 

A 

A 

A 

A 

o 

o 

o 

o 

o 

o 

p4 

o 

c 

- 

Cj 

0*4 

c 

- 

- 

O 


x 

00 

a 

4 


X 

in 

X 

x 

X 

X 

X 

X 

A 

X 




A- 

A 

X 

A* 


X 

^■4 

X 


o 

X 

O' 

A 

o 

•4- 

X 

A 

O 


A 

V *4 

o 

pH 

A 

IA 

O' 

,o 

a 


o 

A 

o 

A 

0*4 

o 

O' 

X 

O 


X 

O' 

X 

X 

cr 

X 

>J- 

X 

O' 

A 

A 

o 

o 

A 

A 

a 


>0 

4 

4 

O' 

X 

4 

O' 

a 

A 

A 

X 

X 

X 


A> 

X 

X 

A- 

-4 

O' 

X 

o 

X 

0*4 

0*4 

o 

o 

o 

O' 

X, 

X 

o 

0*4 

A 

4“ 

>c 

l n 

4 

CO 

o 

A 

LA 

0*4 

A 


>0 

pH 

X 

X 

X 

X 

A- 

o 

X 

A 

X 

X 

0*4 

-r 

C' 

>* 

X 

A 

4- 

X 

A 

O' 

X 

X 

X 

A 

4* 

X 


X 

A 

x 

A 

•*■ 4 

<? 

4 

O' 

4 

o 

9*4 

A 

X 

X 

X 

A 

X' 


A- 

X 

0*4 

O' 

cc 

X 

X 

o 

p-4 

p-4 

O' 

A 

X 

X 

X 

o 

X 

c 


O 

a 

a 

>0 

A 

A 

•—4 

o 

4 

04 

A 

X 

4 

o 

X 

A* 

0*4 

X 

r-4 

X 

A- 

A 

* 

o 

X 

X 

o 

sj* 

X 

A 

A 

X 

4 

X 

A 

o 


a 

cc 

c 

X 

0*4 

IT 

X 

o 

A 

pr. 

o 

pH 

CJ 

X 

A 

C 

X 

a 

X 

X 

0*4 

o 

c 

o 

c 


X 

p-4 

*4 

st 

O 

p-4 

X 

A 

X 

X 


x 

A 

a 

X 

O 

4 

A 

X 

4 

X 

A 

A 

O' 

t*4 

A 

X 

1 

X 

1 

X 

i 

X 

1 

O' 

1 

A 

1 

X 

1 

X 

1 

X 

1 

1 

A 

1 

^-4 

1 

A 

1 

o 

1 

X 

A 

X 

A 

A 

4 


A 

a 

•-p 

A 

A 

A 

A 

r-4 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

o 

o 

- 

o 


- 

P*4 

o 

- 

•*4 

c 

- 

p-4 

P— 4 
1 

O 

c 


x 

X 

o 

pH 

X 

O' 

4 

ec. 

X 

4 

O' 

A 

^4 

O' 

C 

o 

X 

A 

X 


A* 

r- 

<M 

A- 

X 

p-4 

X 

X 

A 

X 

A 

o 

X 

o 

a 

A 


X 

c 

a 

C> 

A 

X 

x 

>0 

X 

o 

X 

O' 

X 

X 


X 

A 


X 

A 

X 

X 

•J- 

X 

p-4 

X 

O 

A 

X 

X 

X 

A 

C 

4: 

A 

c 


O 

4 

A 

O' 

* 

X 

X 

o 

X 

4 

O' 

4 

X 

X 

>* 

C; 

X 

P*4 

o 

X 

X 

A 

c 


e 

A 

X 

A 

p^ 

A 

A 

A 

A 

o 

a 

X 

4 

O' 

4 f> 

A 

to 

X 

X 

o 

.* 

X 

PH 

X 

a 

A 

P-4 

A 

O' 

O 

o 

N- 

O' 

X 

C 

cc 

A 

A- 

X 

O' 

O' 

*4 

X 

A 

X 

4- 

4* 

0*4 

o 

pH 

x 

X 

CD 

c 

IT 

0*4 

X, 

c 

c 

A 

A 

X 

X 

X 

A* 

A 


><■ 

>t 

X 

X 

A- 

<y 

O' 

A 

X 

>t 

X 

CD 

X 

X 

A 

4- 

o 

A 

X 


x 

a 

o 

O' 

O' 

X 

X 

r-H 

o 

4 

A 

X 


o 

X 

X 

A 

X 

A 

C 


^r 

P-4 

X 

O' 

** 

X 

* 

X 

c 

A 

0* 

A 

c 

A 

A 


A 

A 

x 

4 

X 

X 

x 

x 

X 

X 

A 

X 

A 



O' 

A- 

X 

O 

X 

A* 

X 

P-4 

X 

04 

X 


A 

X 

X 

O 

o 

A' 

A 

4 

O 


x 

A 

a 


A) 

X 

A 

X 

0-4 

A 

pn 

A 

0*4 

A 

X 

A 

0** 

^•4 

A 

X 

A 


A 

O' 

X 

A 

A 

A 

X 

X 

A 

X 

X 

A 


X 


iii iii iii i i i i i ii ii it i ii 


— * o 

c 

o 

o 

m4 

c 

O 

c 

C 

x C 

c o 

*"* 

c 

c 

c 


X 

o 

P-H 

04 

P-H 

0 ^ 

04 

•pH 

pH 

pH 

pH 

PH 

pH 

pr 

pH 


o 

4 

X 

c 

X 

0*4 

4 


X 

o 

o 

O' 

4 

X 

X 

X 

X 

o 

a 

c 

A 

0*4 

O' 

X 

4 

A 

A 

c 

A 

X 

X 

X 

A 

4 

4 

X 

A 

X o 

o 

04 

X 

C 

X 

o 

o 

X 

O' 

O 

4 

X 

A 

A 

a 

X 

X 

X 

4 

A 

X, 

X 

X 

A 

o 

pH 

A 

A 

X 

A 

X 

4 

X 

X 

X 

O' 


p4 

X 

O' 

4 

A 

0-4 

X 

4 

o 

X 

A 

A 

A 

o 

X 

X 

X 

O' 

A 

X 

o 

4 

X 

43 

4: 

X 

A 

^4 

X 

A 

A 

o 

A 

X 

o 

X 

X 

4) 

X 

A 

X 

4 

4 

X 

X 

X 


A 

X 

A 

c 

o 

A 

X 

A 

o 

4 

O 

4 

X 

A 

X 

v0 

o 

A 

X 

X 

4 

X 

o 

O' 

CL 

0- 

X 

0“ 

O 

,c 

X 

X 

X 

0*4 

X 

X 

O 

0 4 

p-H 

4 

^4 

r-4 

A 

A 

0 ~ 

pH 

X 

X 

a 

0*4 

X 

X 

X 

pH 

A 

G 

A 

4 

X 

X 

o 

X 

4 

«H 

A 

X 

A 

A 

a 

04 

4 

c 

A 

X 

45 

o 

X 

%c 

O' 

X 

X 

A 

X- 

4 

4 

A 

x< 

A 

X 

X 

X 

X 

X 

X 

^4 

O' 

X 

A 

P-4 

p-4 

A 

4 

X 

4 

o 

A 

A 

X 

0*4 

0*4 

4 


c 

X 

X 

4 

o 

X 

o 

A 

4 

X 

X 

pH 

A O' 

c 

PM 

X 

O 

0 ^ 

A 

P-H 

A 

X 

pH 

A 

A 

4 

A 

H 

A 

X 

A 

04 

X 

^4 

X 

^4 

r* 

X 

0*4 

4 

A 

04 

X 

X 

A 

A 

X 

pH 

A 

X 

A 

X 

P- 


i i 




* 


o 

i-. 

■p 

(5 

O 

U 


■P 

.5 

& 


a x 4 x x A x O r - **•< A x 4 - x x 


xoo— < ax4Xxa o c 

-HpHroAAAAXAAA 


O' X ph A 

A X x x 


x 

X 


IT X 
X X 


17 



c 

o 

o 

i 

o 

1 

o 

o 

o 

t 

1 

o 

Y 

o 

o 

7 

pH 

\ 

•— * 
t 

x 

i 

T 

c 

-n 

» 

1 

o 

pH 

1 

1 

o 

o 

pH 

1 

1 

» 

^4 

» 

1 

o 

1 

pH 

1 

pP 

1 


4 

4 

IT 

X 

4 

rv 

4 

rsi 

X 

IT 

in 

x 

O' 

r\j 

cv 

n> 

X 

x 

4 

CV 

X 

X 

X 

fn !isj 

X 

X 

o 

X 

X 

X 

K 

K 

X 

4 

O' 

rv 

x 

x 

rr\ 

x 


x 

o 

x 

X 

nj 

.-4 

m 

r- 


x 

X 

X 

r- 


f- 


X 

O' 

■C lie 

4 

pH 

X 

X 

rv 

o 

C 

cv 

pH 

cv 

pH 

p- 

O' 


X 

pH 

r- 

cv 

c 

rv 

O' 

4 

pH 

o 

X 

in 

cv 

c 

X 

X 

o 

cv 

4 

4 

(V 

X 

O' 

C V 

pH 

r*- 

X 

O' 

X 

<f 

r- 

X 

X 

cv 

x pH 

cv 


pp 

o 

m 

a 

e 

h- 

r- « 

r- 

cv 

4 

x 

X 

X 

O' 


X 

O' 

X 

O' 

f- 

4 

O' 

pH 

X 

o 

o 

O' 

X 

r- 

X 


X 

cv 

X 

pp x 

O' 




x 

in 

x 

4 

X 

>0 

cc 

4 

a* 

cv 

o 

O' 

^p 

X 

4 

h“ 

cv 

X 

X 

o 

n- 

4 

X 

o 

0 > P 

o r*. 

X 

o 

X 

X 

o 

X 

C 


•4 

x 

o 

o 

x 

4 

cv 

^p 

X 


x 

in 

CV 

X 

o 

O' 

cv 

x 

cv 

X 

X 

4 

4 

4 

•>■4 

X 

pH 

O' 

o 

cv 

~c 

X 

X 

X* 

in 

4 

pp 

in 

rv 

4 

4 

4 

4* 

X 



x 

r- 

X 

cv 

O' 

O' 

X 

X 

o 

— P 

4 

cv 

CV 

X 

cv 

o 

a 

f>4 

X- 

O' 

X 

in 

4 

X 

X 

4 

X 

x 

x 

pp 

x 

pp 

pp 

i—* 

n* 

x 


CV 

ph 

-p 

X 

x 

X- 

4 

X 

4 

CV 

X 

pH 

pH 

4 

p* 

X 

4 

cv 

cv 

^P 

cv 


X 

X 

X 


I I I I I I I I I I I I I I I I I I II 






•-* 

o 

o 

o 

e 

o 

O 

m-4 

o 

p—4 

o 

o 

e 

c 

o 

o 

O 

e 

cv 

1 

o 

o 

c 

o 

o 

o 

1 

o 

pp 

1 

^H 

1 

o 

c 

p4 

o 

^H 

o 



X 



p- 


^*4 

O' 

X 

cv 

o 

X 

•4 

O' 

4 

4 

4 

cv 

X 

o 

X 

4 

o 

o 

4 

4 

O' 

rv 

r- 

X 

X 

X 

pH 

o 

X 

O' 

cv 

cv 




X 

O' 

X 

r4 

X 

cv 

4” 

X 

-p 

IT 

X 

o 

X 

X 

cv 

X 


X 

X 

X 

cv 

O' 

O' 

rP 

X 

O' 

X 

4 

o 

X 

O' 

rv 

Pp 

rv 

X 

r- 



'i- 

X 

4* 

O' 

c 

X 

X 

X 

4* 

X 

X 

X 

X 

X 

X 

o 

-p 

X 

X 

X 

p'- 

o 

O' 

X 

O' 

pp 

X 

o 

CO 

X 

O' 

rv 

n- 

4 

cv 

X 

4 


X 


O' 

X 

*4 

o 

O' 

X 

O' 

X 

f— 

X 

4 

X 

O' 

—4 

o 

O' 

X 

—-4 

X 

X 

O' 

X 

cv 

X 

o 

X 

<v 

cv 

X 

rv 

*■4 

4 

X 

r*- 

X 

4 


mmm 

cv 

X 

p- 


O' 


4” 

>* 

cv 

X 

c 

x. 

p— « 

X 

X 

o 

PV 

X 

X 

a 

O 

X 

X 


rv 

O' 

o 

pp 

X 

O' 

c 

4 

X 

(*- 

p4 

cv 

r^ 



X 

o 


cv 

4" 

X 

(V 

X 

p—4 

X 

O' 

X 

cv 

X 

f- 

4 

X 

X 

P-p 

o 

CV 

r*- 

X 

rv 

cv 

rv 

rv 

cv 

o 

X 

X 

X 

X 

0" 

o 

X 

X 

V 

0) 

1 


n* 

o 

—* 

X 

c* 

X 

cv 

X 

p4 

o 

cv 

X 

X 

X 

p-4 


cv 

X 

X 

4 

X 

cv 

rv 

^■4 

o 

c 

X 

X 

0 

X 

pp 

r- 

rv 


X 

rv 

pH 


i 

cv 

1 

1 

X 

1 

*“4 

cv 

^4 

p 4 
1 

CV 

1 

in 

h- 


4 

X 

cv 

P“p 

c 

X 

X 

1 

1 

n* 

X 

X 

1 

X 

rv 

l 

X 

1 

p4 

1 

^4 

X 

pH 

\ 

h- 

rv 

pH 

X 

•p 

4 

rv 

pH 

r 

•a 

p 

§ 

u 


o 

o 

P 1 4 
1 

1 

1 

1 

•^4 

1 

o 

1 

i 

o 

o 

•— < 
t 

o 

o 

1 

pH 

1 


o 

o 

c 

o 

o 

pp 

1 

pp 

p-4 

o 

o 

c 

o 

c 

o 

O 

pp 

O 

pp 

o 


X 

c 


X 

4 

X 


o 

c 

O' 

X 

4 

X 

*— 4 

X, 

o 

4 

o 

4 

o 

O' 

4 

— p 

X 

4 

r- 

o 


X 

cv 

4 


X 

Xi 

O' 

X 

o 

1 


O' 

n- 

c 

—* 

CV 

o 

o 

C\' 

X 

X 

o 

—4 

X 

cv 

«-4 

O' 

O' 

p^ 

P-4 

X 

(V 

P-H 

4 

4 

P^ 

4 

X 

X 

X 

cv 

X 

X 

pH 

cv 

4 

o 

O' 




X 

X 

X 

cv 

n- 

X 

n- 

4" 

4“ 

X 

O' 

a 

o 

X 

l-p 

X 

X 

X 

o 

X 

-4 

r— 4 

X 

X 

X 

X 

X 

X 

o 


O' 

X 

X 

pH 

X 

pH 

«<+■ 


>j- 

4^ 

X 

o 

4 1 

n> 

X 

p- 

P^ 

X 

4 

X 

X 

X 

o 

4 

X 

^4 

c 

cv 

X 

X 

«— 

O' 

H 

O 

o 

X 

r- 

o 

4 

pH 

X 

X 

pH 


o 



4- 

X 

(V 

X 

X 

X 

X 

X 

O' 

pTi 

o 

4 

o 

cv 

X 

X 

X 

X 

c 

p-p 

a 

X- 

X 

X 

o 

*-p 

X 

X 

pp 

4 

rv 

1 

cv 

4 

f- 

cv 

X 

^*4 


X 

4 

o 

0 

X 


^■4 

X 

o 

4 

X 

o 

X 


X 

4 

p-p 

X 

4 

X 

o 

o 

O' 

4 

X 

X 

o 

c 

pp 

pH 

X 

X 

pH 

X 

X 

cv 

4 

w 


X 

4 

4* 

c> 

X 

X 

4“ 

o 

X 

r- 

X, 

c 

cv 

o 

X 

O 

o 

—4 

4 

r- 

P—4 

X 

X 

X 

cv 

O' 

X 

c 

X 

n- 

X 

X 

pH 

pH 

cv 

X 

X 

L> 

x. 

1 

(N 

1 

4- 

1 

cv 

c 

cv 

1 

cv 

4* 

^“4 

1 

X 

* 

X 

—4 

p^ 

X 

X 


X 

l 

X 

* 

O' 

1 

l 

l 

p—4 

1 

cv 

1 

p^ 

1 

X 

l 

cv 

X 

cv 

rv 

1 

4 

1 

pH 

rv 

cv 

4 

rv 

X 

pH 

pp 

1 



1 

1 

1 

1 

t 

cv 


cv 

I 

1 

cv 

i 

p—4 

1 

<L 

p-l 

» 

o 

c 

P“4 

p4 

t 

1 

—■4 

1 

1 

c 

o 

o 

o 

p—4 

1 

x, 

1 

o 

o 

o 

c 

c 

r 

O 

pH 

o 

o 

c 



c 


X 


rr 

X 

f^ 

p—4 

X 

X 

c 

—4 

h* 

X 

n 

X 

_ 

o 

c 

/— 4 

<v 

4 

X 

X 

4 

X 

4 

00 


X 

X 

O' 

X 

X 

X 

pp 

X 



o 

C 

X 

X 

cv 

cv 

X* 


X 

r- 

4 

•—4 

O' 

^4 

a 

O' 

cv 

4 


o 

X 

X 

cv 

X 

-4 

4 

rP 

h- 

X 

4 

Pp 

cv 

O' 

X 

X 

X 

X 



cv 

O' 

X 

X 

X 

o 

p_4 

X 

p- 

»-4 

4 

X 


X 

X 

c 

O' 

n- 

X 

X, 

X 

X 

rP 

X 

— P 

CV 

X 

cv 

pp 

X 

X 

h- 

X 

4 

O' 

4 

cv 


X 

X 

o 

— 

4- 

c 

K 

cv 

X 

X 

X 

e 

o 

r- 

X 

cv 

4 

c 

p^ 

P-4 

X 


cv 

X 

X 

*“4 

4 

X 

o 

r- 

4 

o 

o 

4 

CV 

pH 

X 

rv 


^4 

X 

cv 


X 

n* 

O' 

^4 

X 

r 

X 

a 

cv 

4 

X 

cv 

O 

o 

4 

o 

^p 

c 

X 


cv 


O 

pp 

X 

X 

pH 

o 

X 

cv 

pH 

X 

X 

h- 



n* 

X 

,M 

X 

#■4 

X 


X 

o 

in 

X 

X 

fv 

(V 

X 

X 

r- 

r- 


X 

X 

X 

a 

n- 

cv 

X 

pp 

o 

X 

X 

4 

X 

cv 

cv 

4 

X 

X 



X 

cv 

X 

O' 

CV 

4- 

X 

cv 

4- 

X 

h* 

X 

X 

X 

o 

X 

o 

4 

X 

f^ 


r- 

•-H 

c 


0 

X 

4 

x. 

cv 


X 

X 

X 

X 

X 

o 



o 

X 

X- 

X 


4- 

X 

n> 

*«4 

— 

CV 

X 

X 

cv 

--4 

cv 


4 

X 

X 

r4 

rH 

p4 

•-« 


4 

Pp 

cv 

X 

pp 


pH 

CV 

pH 

—• 

X 

pp 


III I I I I I I I I I I I II 


8 

4-> 

e 

cS 


•p 

eS 

O 

Ph 


er a 

r^rr pr, it 


4 x x n* 

IT IT IT LT 


cc rr o — * 
x x x x 


cv rr x 
X x x x 


sC n co rr o 
«c ^ >c n 


t 


18 



TABLE A4.~ Concluded. 



•4-1 r OM' ff 

f- N 


®e«ro6eeeB# , ffffO' O' o- er o> c> 


19 



TABLE A5. - XB-70 SYMMETRIC FREE-FREE VACUUM VIBRATION MODE SHAPES 

118 POINT GRID SYSTEM 
HEAVY WEIGHT, 6 r = 25° 
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-29528682 0 11541391 -1 -14345023 1 18412694 -1 -35112293 -2 -27645237 

-22827758 0 -11944796 -1 -20727308 1 70533390 -2 22177761 -1 -54491226 

-12895941 0 -32222846 -1 -19951042 1 -11047268 -1 45607669 -1 -51202580 

-13728454 -2 -49676972 -1 -69206432 0 -91136740 -2 42311089 -1 -38132350 

16157233 0 -53424392 -1 12232437 l 21551127 -1 96536374 -2 -21818438 



TABLE A5.- Continued. 
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TABLE A6. - XB-70 SYMMETRIC FREE-FREE VACUUM VIBRATION MODE SHAPES 
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TABLE A8. - XB-70 SYMMETRIC FREE-FREE VACUUM VIBRATION MODE SHAPES 

97 POINT GVT GRID SYSTEM 
MEDIUM WEIGHT, d T = 65° 
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APPENDIX B 


XB-70 AERODYNAMIC, GEOMETRIC, MASS, AND STRUCTURAL MODE DATA 


The equations of motion for which the basic data are presented in this appendix may 
be found in reference 1. 

The data used in the response analyses for the heavy weight, Mach 0. 90, light 
weight, Mach 0,90, and medium weight, Mach 1.6, cases are presented in tables B1 
through B13. The Mach 0. 90 data in tables B1 and B5 are similar to but not the same 
as the data used in reference 1. In reference 1, 6^ = 0° data were assumed to ap- 
proximate S-p = 25° data. In addition, center-of-gravity location and mode shape 
characteristics are different from the similar data of reference 1. 

The Mach 0.90 imsteady elevon characteristics are tabulated in tables B2 and B6. 
These data are presented as a function of the reduced frequency, k, defined as 
wb r ef 

— ^ in which co is the forcing frequency in rad/sec, b re f is 58.9 ft and V 0 is 

v o 

the flight velocity in ft/sec. 

Total vehicle unsteady aerodynamics for the light weight, Mach 0. 90 , case as a 
function of reduced frequency, k, are presented in table B9. 


62 



XB-70 TOTAL VEHICLE AERODYNAMIC, GEOMETRIC, MASS AND STRUCTURAL MODE DATA 
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ELEVON UNSTEADY GENERALIZED FORCES, XB-70 
HEAVY WEIGHT, 6 ~ = 25°. M = .90 
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TABLE B4 


MODE SHAPE CHARACTERISTICS AT RESPONSE AND SENSOR LOCATIONS 


HEAVYWEIGHT, 6 T = 25°, M = 0.90 


SENSOR LOCATION 
Nose 

FS 194.75 in. 


Pilot station 
FS 438 in. 


MODE NO. 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 


* i 

+1.4200 
-. 1810 
- 12.1000 
+.3400 
-.1720 


+.8825 

-.0846 

-4.0358 

+.0289 

-.0149 



Nose wheel well 
FS 1284 in. 


Near center of 
gravity 
FS 1485 in. 


ILAF wing ac- 
celerometer 
FS 2212 in. 


Midship acceler- 
ometer 
FS 1653 in. 


1 

2 

3 

4 
J5 

1 

2 

3 

4 

5 


1 

2 

3 

4 

5 

1 

2 

3 

4 

5 


-.2500 


+.00120 


+.0300 
+. 5500 
+.0300 
-.0280 


-.2330 


+.00127 

+.09120' 

-.00288 

+.00096 


+.0011 

-.7812 


+.0559 

-.0233 


+.4050 
+.0660 
+2. 850 
+.0600 
-.1250 


-.1816 

-.0221 

-1.4241 

+.0528 

-.0100 


69 




XB-70 TOTAL VEHICLE AERODYNAMIC, GEOMETRIC, MASS AND STRUCTURAL MODE DATA 

LIGHT WEIGHT, & t = 25°, M = .90 
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ELEVON UNSTEADY GENERALIZED FORCES, XB-70 
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TABLE B8 


MODE SHAPE CHARACTERISTICS AT RESPONSE AND SENSOR LOCATIONS 


LIGHTWEIGHT, 5 T = 25°, M = 0.90 


SENSOR LOCATION 

MODE NO. 

<t>. 

l 

< 

Nose 

1 

+1.1450 


FS 194. 75 in. 

2 

-. 1430 



3 

-2.6000 



4 

+. 2450 



5 

-. 1800 


Pilot station 

1 

+.6848 


FS 438 in. 

2 

-. 0648 



3 

-. 7264 



4 

+.0119 



5 

-.0108 


Nose wheel well 

1 

-.2600 

+.00048 

FS 1284 in. 

2 

+.0400 

+. 001032 


3 

+.2400 

+.02210 


4 

+. 0220 

-.00216 


5 

-.0390 

+. 000961 

Near center of 

1 

-.2346 


gravity 

2 

+. 0128 


FS 1485 in. 

3 

-.0916 



4 

+. 0382 



5 
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ELEVON MASS, GEOMETRY AND PERTIN! 
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TABLE B13 


MODE SHAPE CHARACTERISTICS AT RESPONSE AND SENSOR LOCATIONS 


MEDIUM WEIGHT, 6 X = 65° 


SENSOR LOCATION 

MODE NO. 


K 

Nose 

1 

+2. 1200 


FS 194. 75 in. 

2 

-. 1500 



3 

+3. 7300 



4 

+. 0680 



5 

-.8600 


Pilot station 

1 

+1.2500 

. — 

FS 438 in. 

2 

-. 0650 



3 

+1. 1000 



4 

+.2100 



5 

-. 1500 


Nose wheel well 

1 

-.4200 

0 

FS 1284 in. 

2 

+. 0250 

+.00077 


3 

-. 1900 

-.02930 


4 

-. 0045 

-.00072 


5 

-. 1100 

+. 00720 

Near center of 

1 

-.3817 


gravity 

2 

+. 0037 


FS 1485 in. 

3 

+.2125 



4 

+. 0068 



5 

-. 1529 


ILAF wing ac- 

1 

+. 6000 


celerometer 

2 

-. 0600 


FS 2212 in. 

3 

-. 9000 



4 

-.0550 



5 

-.4300 


Midship acceler- 

1 

-.2992 


ometer 

2 

-. 0162 


FS 1653 in. 

3 

+.4240 



4 

+. 0112 



5 

-. 1190 
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